Introduction
The discovery of superconductivity in "1111" LaFeAsO is reported, for first time, in 2006 [3] . Although in that work the transition temperature was low (T c = 3.5 K), a rapid progress showed up already in February 2008, as Kamihara et al. found superconductivity with T c = 26 K in the fluorine-doped compound LaFeAsO 1−x F x [4] . The mother compound LaFeAsO is an antiferromagnetic metal in which on cooling magnetic ordering of the itinerant iron spins in terms of a spin-density wave sets in at a transition temperature of about T SDW ≈ 140 K accompanied by a structural phase transition from a tetragonal into an orthorhombic phase. On substituting oxygen with fluorine, T SDW significantly decreases as the fluorine concentration increases. At x ≈ 0.1, long-range magnetic order disappears and a superconducting state sets in. A typical phase diagram of this type of compounds is shown in Ref. [5] . This phase diagram resembles that one which has been found in high-T c copper oxide superconductors like (La 1−x Sr x ) 2 CuO 4 [6] .
In both copper oxide and iron-based superconductors, doping induces charge carriers (electrons or holes) which suppress the antiferromagnetic ordering and lead to the formation of Cooper pairs. The closeness of T c to the magnetic transition suggests that the observed high T c values are due to a carrier pairing mechanism supported by spin fluctuations. This is confirmed e.g. by findings in thin films of the electron-doped copper oxide La 2−x Ce x CuO 4 , where electron pairing is linked to spin fluctuations; i.e. the linear dependence on temperature of the resistivity Intrinsic spin resonance in iron pnictides is caused by spin-fluctuation scattering [7] . Furthermore, FeAs-based systems are built up from FeAs planes, intermediated by LaO layers. This is analogous to cuprates where the stacked CuO 2 planes are separated by the La-or Y-Ba layers. Due to of their layered structure, both types of systems are strongly anisotropic, and reveal quasi two-dimensional electronic states [8] . The "122" mother compound BaFe 2 As 2 serves as another starting point in searching for high-T c superconductivity in iron pnichtides [9] . Similar to LaFeAsO, the system undergoes a structural phase transition from tetragonal into orthorhombic phase at 140 K, where the structural transition is accompanied by formation of a spin-density wave of the iron spins. Doping enhances the quasi two-dimensional electronic properties in BaFe 2 As 2 and leads to superconductivity, obviously involving magnetic excitations. For example, neutron scattering studies in BaFe 1.84 Co 0.16 As 2 exhibit that this compound turned out to be more quasi-two-dimensional than stoichiometric BaFe 2 As 2 [10] . On cooling below T c , a clear resonance peak is observed at a wave vector with an energy of 8.6 meV, corresponding to 4.5k B T c . This was in good agreement with the canonical value of 5k B T c observed in cuprates. In the Ni-doped compound BaFe 1.96 Ni 0.04 As 2 the separation of structural and magnetic transition was investigated in detail. While in the undoped state, BaFe 2 As 2 exhibits simultaneous structural and magnetic phase transitions at 143 K, electron doped BaFe 1.96 Ni 0.04 As 2 first displays the lattice distortion near 97 K, and then orders antiferromagnetically at 91 K before developing weak superconductivity around 15 K [11] . These results indicate that the transition from three-dimensional spin waves to quasi-two-dimensional spin excitations by electron doping is important for the separated structural and magnetic phase transitions in iron arsenides, i.e. as a result of weakening of the magnetic exchange interaction between the FeAs-layers. Moreover, the two-dimensional character is obviously important for superconductivity.
The coexistence of superconductivity and magnetism in these types of compounds motivates the application of magnetic resonance techniques in order to use the electron spins as local probe to access the microscopic mechanism of superconductivity. So far several electron spin resonance (ESR) studies have been performed on Gd-based "1111" [12, 13] and Eu-based "122" iron pnictides [14] [15] [16] [17] [18] [19] [20] , making use of the stable magnetic moment of the rare-earth ions Gd 3+ and Eu 2+ both containing a half-filled 4f shell with spin S = 7/2. Here we report ESR measurements in polycrystalline LaFeAsO and PrFeSbO and in single crystalline Mn-doped BaFe 2 As 2 (BaFe 1.95 Mn 0.05 As 2 ) which indicate the existence of very broad intrinsic spin resonance signals from the itinerant iron spin system.
Experimental details
Polycrystalline samples of LaFeAsO 1−x F x (x = 0, 0.1) and PrFeSbO were prepared following the procedure described in Ref. [21] . Powder x-ray diffraction measurements confirmed that the structure is tetragonal of ZrCuSiAs-type, with lattice parameters consistent with previous reports [22, 23] . Ba(Fe 1−x Mn x ) 2 As 2 (x = 2.5%, 5% and 12%) single crystals of ThCr 2 Si 2 structure were grown from self-flux in zirconia crucibles sealed in quartz ampoules under argon atmosphere, as described in Ref. [24] .
ESR measurements were performed in a Bruker ELEXSYS E500 CW-spectrometer at X-and Q-band frequencies (ν ≈ 9.4 GHz and 34 GHz, respectively) equipped with a continuous helium gas-flow cryostat working in the temperature region 4 < T < 300 K. The polycrystalline sample were powdered and placed into quartz tubes which were sealed in He atmosphere. ESR detects the power P absorbed by the sample from the transverse magnetic microwave field as a function of the static magnetic field H. The signal-to-noise ratio of the spectra is improved by recording the derivative dP/dH using lock-in technique with field modulation.
Results and discussion 1111 Compounds
In Fig. 1a we show typical ESR spectra of LaFeAsO for different temperatures. The overall shape of the absorption is determined by an extremely broad line, which seems to have a resonance field close to zero. On top of this absorption feature a second much weaker resonance signal is visible at a resonance field of approximately H res ∼ 3 kOe. To separate these two contributions we fitted the absorption spectra with two Lorentzians also accounting for contributions at reversed magnetic field as described in Ref. [25] . Given the fact that the main resonance is of the "bath-tub" shape, one has to perform this analysis with great care. Astonishingly, the fitting procedure proved to be very stable and we reduced the number of fit parameters by fixing the resonance field of the broad line equal to zero, since the fit always converged to this value. The fits describe the observed absorption spectra nicely and we plot the temperature dependences of the resulting fit parameters in Fig. 1(b-d) . Fig. 1b compares the double integrated intensities of both lines. The intensity of the broad line, which is normalized to unity at room temperature, monotonously decreases on decreasing temperature with a kink clode to T SDW followed by a stronger decrease. The intensity of the second line is about 0.2% of the main line at room temperature but increases on decreasing temperature up to about 7% at 50 K. At lower temperature a separation of the two lines is not reasonable anymore, because the weak line becomes too broad to be discernible. Therefore the anomaly at 50 K obviously does not have any physical meaning. Note also that for T = 4 K the anomalies visible on the spectrum at 3.4 kOe and 12 kOe result from the background of the cavity. Fig. 1c shows the temperature dependence of the resonance field of the weak line which shifts from more than 3 kOe at room temperature down to about 1.6 kOe at 50 K. At the same time the corresponding linewidth depicted in the lower frame increases from 1 kOe to 3 kOe, respectively. Again the data at lower temperature will not be considered further. The linewidth of the broad line remains at about 6 kOe in the whole temperature range under investigation. For further discussion we focus on the behavior of intensity and linewidth of the main resonance line on passing the spin-density wave transition as illustrated in Fig. 2 . The ESR intensity nicely corresponds to the static susceptibility. Both quantities exhibit a gradual drop of about 20% below the SDW transition. At the same time the linewidth shows a comparable behaviour like the electrical resistivity as expected from the Elliot-Yafet theory [26, 27] . Thus, both the intensity and linewidth are indicative of the itinerant iron spin system as the origin of the resonance signal, i.e. we observe some kind of conduction electron spin resonance (CESR).
Usually the direct observation of CESR is only possible in very clean metals at very low temperatures or in low dimensional conductors. The latter situation seems to be realized in the iron pnictides, where the conductivity is significantly larger parallel to the FeAs planes than perpendicular to them. Indeed, the purity of the sample also plays an important role for the observability of the CESR signal, because already small amounts of paramagnetic impurities can mask the broad line. That is why only signals of localized spins have been reported in LaFeAsO so far. In our samples these localized spins give rise to the weak line which shows the Curie-Weiss like temperature dependence of the intensity reported earlier by Wu and coworkers [28] . Resonance field and linewidth of the weak line are of comparable magnitude as in that publication, where its absolute intensity was so strong that the coexistent broad resonance line was interpreted as tiny background of a secondary phase.
The problem with the defect signals became more severe for fluorine doped LaFeAsO 1−x F x , where we were not able to reasonably separate the CESR line from the impurity line. Therefore, to date it was not possible to follow the resonance signal of the conduction electrons through the superconducting transition. Nevertheless, in the related compound PrSbFeO we detected a comparable broad ESR signal with similar properties as illustrated in Fig. 3 . Starting with Fig. 3a , one can recognize the broad line centered at zero field for X-band frequency. At Q-band frequency (Fig. 3b ) the ESR signal becomes fully visible as its resonance field shifts considerably away from zero. Again the X-band signal was fitted by a Lorentzian profile with the resonance field fixed at H res = 0. Like in LaFeAsO the intensity shown in Fig. 3c decreases monotonously on decreasing temperature by about 20% between room temperature and helium temperature. Below 100 K the slope is approximately 6 times higher than above. The linewidth is only weakly temperature dependent with a maximum value of about 5.3 kOe close to 100 K. At Q-band frequency, the resonance field was used as free parameter, resulting in only weakly temperature dependent resonance field H res ∼ 8.3 kOe ( Fig. 3d ) and linewidth ∆H ∼ 7.6 kOe (Fig. 3e ). Due to the huge linewidth the uncertainty of the resonance field does not allow to derive a reliable g value. Nevertheless, the non-zero resonance field proves the real magnetic resonance character of the observed absorption signal. The intensity is not a reliable quantity at Q-band frequency and not shown in Fig. 3c , because the quality factor of the cavity, which is cooled together with the sample, strongly depends on temperature. At X-band frequency the intensity can be evaluated, because the cavity is always kept on room temperature, while only the sample is cooled in the helium gas-flow cryostat.
At the moment not much additional information exists about the electric and magnetic properties of PrFeSbO. A direct comparison with the dc-susceptibility is not feasible due to the paramagnetic contribution of the Pr ions which masks the static susceptibility of the conduction electrons. Comparison of ESR intensity and linewidth with the corresponding data in LaFeAsO suggests a spin-density wave transition slightly below 100 K.
Compounds
In search for further indications of CESR in iron pnictides we discovered analogous absorption signals in single crystals of Mn doped BaFe 2 As 2 as shown in Fig. 4a . In the series under investigation Mn concentrations of 0, 2.5, 5 and 11.5 percent manganese have been available. The CESR signal was best observable in Ba(Fe 0.975 Mn 0.025 ) 2 As 2 . Regarding the susceptibility of Ba(Fe 1−x Mn x ) 2 As 2 the sample with x = 0.025 exhibits the smallest residual susceptibility below the spin-density wave transition, i.e. even below the pure sample x = 0. This seems similar to the case of Mn doped FeSe 0.5 Te 0.5 [29] , where small amounts of manganese improve the quality of the crystal, possibly by reducing the amount of ferromagnetic inclusions like magnetite Fe 3 O 4 . Again, as one can see in Fig. 4b , the intensity of the rather broad line nicely resembles the static susceptibility, except for low temperatures, where the Mn doping gives rise to a Curie-Weiss law of localized spins indicated as dashed line, which is certainly not visible in the CESR intensity. Also the relative changes of the linewidth depicted in Fig. 4c are comparable to the variation of the electrical resistance. Only the increase of the resistivity to high temperatures is not reproduced by the linewidth. But this is still in agreement with the generalized Elliott-Yafet theory which in case of spin transfer to neighboring bands and large electron-phonon coupling results in a stronger relative increase of the resistance as compared to the ESR linewidth, if the energy difference to the conduction band corresponds to the electronic relaxation rate, like e.g. observed in MgB 2 [30] .
Summary
To summarize we identified three independent iron pnictides with detectable intrinsic electron spin resonance signals, as there are the 1111 compounds LaFeAsO and PrFeSbO, as well as the 122 compound BaFe 2 As 2 doped with 2.5% Mn on the Fe site. In all cases the resonance lines are extremely broad with linewidths of ∆H > 5 kOe and, therefore, do not possess any well defined resonance field. Nevertheless, the ESR intensity well agrees with the spin susceptibility of the conduction-electron system forming a spin-density wave on lowering the temperature. At the same time the temperature dependence of the linewidth satisfactorily agrees with the behavior of the electrical resistivity indicating the same relaxation channel for both quantities. These properties identify the itinerant electrons as the source of the observed ESR signals.
